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During the past three months we have been operating the entire 20 feet
of the accelerator, with interesting though not completely satisfactory
results. After a good deal of trouble with the Van de Graaff generator, we
have it operating satisfactorily at its rated voltage of 2 Mev, with a
pulsed current of a few milliamperes peak, or a few tenths of a microampere
average. This produces a well-focused spot at the end of our 20-foot tube,
as observed on a willemite coating on a thin aluminum window, observation
being made by a mirror and telescope system. When the r-f is turned on,
the spot changes its appearance, but remains fairly sharp. By means of mag-
netic deflection, we have made approximate measurement of the energy of the
electrons, and have also monitored the adjustment of the line stretchers
between the master magnetron and the various sections. As successive four-
foot sections are added, we find that adjustment of the phase of the newly
inserted section varies the energy of the beam in a sinusoidal manner, as
we should expect, and it is easy to determine the phase for optimum
acceleration.
Another method which is used to measure relative energy as a function
of phase between sections is to place an ionization chamber in the beam,
shielding the chamber with enough lead to prevent detection of x-rays from
the unaccelerated electrons. The chamber reading also varies more or less
sinusoidally with the phase of the last added section, and maximum reading
on the meter corresponds to minimum magnetic deflection.
When the phases are adjusted for optimum acceleration in this way, we
find that we get an acceleration of the order of two million volts per four-
foot section. We have not, however, had all five of the four-foot sections
simultaneously operating at really good efficiency because of breakdown in
the tuners of some of the sections. (These tuners are the weakest feature
of the present r-f equipment, and we are now studying alternative designs
which will eliminate the choke joints of the present tuners.) When a sec-
tion is breaking down, the four feet sometimes produce no more than a
half-million volts of acceleration.
In observing the accelerated beam under magnetic deflection, using a
willemite screen, we find that an appreciable fraction of the electrons
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have approximately the maximum acceleration, but there is a considerable
residue of less-accelerated electrons, as we should expect. These electrons
are considerable defocused, in contrast to the accelerated electrons which
form a well-focused spot.
The voltage we are obtaining, some 2 Mev per four-foot section, is only
about half what we hope to get eventually; we feel that the difficulty is
in poor adjustment of the r-f ci*rcuit, partly a result of the difficulty
with the tuners, partly from other causes. We analyze the situation as
follows. The normalized cavity impedance at resonance is Qo/Qext, where Qo
is the unloaded Q, and Qext is the external or window Q. This cavity imped-
ance is in series with the water load, which is matched, so that the whole
load impedance is 1 + Q o/Qext' which is equal to 2 if the cavity is properly
matched, or if Qo = Qext (the condition for which the circuit is designed).
The fraction (Qo/Qext)/(l + Qo/Qext) of the power will be delivered to the
cavity, this fraction being 1/2 for correct match. On the other hand, we
suspect that in our actual cavities (which have been operating a long time
since they were made) the Qo may well have decreased below its initial value
of about 17,000, because of gradual tarnishing of the surface. Also, the
Qext may well have increased, since between the evacuated accelerator and
the non-evacuated waveguide there are glass windows which probably have been
partially covered with material evaporated onto them from occasional dis-
charges in the cavity. This will result in a decrease of the coupling through
the window, or an increase of the Qext and would have the effect of decreasing
the fraction of power delivered to the cavity. We suspect that these effects
are the main reasons that our acceleration is less than was expected. We are
now preparing to rectify these difficulties.
The acceleration of an electron at the peak of the wave, in volts per
meter, should be given by
377 PQ
E = 0
where a is a constant determined from the geometry of the accelerator, P is
the power per unit length (in watts per meter), Q is the unloaded Q of the
cavity, and Xo is the free-space wavelength. (See RLE Technical Report
No. 47, or J.C.Slater, Rev. Mod. Phys. 20, 473(1948), for derivation.) The
constant a was computed from theory to be 0.478; this calculation was made
by finding the field inside the cavity (theoretically, by the methods of
RLE Technical Report No. 48), and computing the necessary integrals numeri-
cally from the field so obtained. An experimental check of this value has
been made by Mr. L.C.Maier, by a method to be described elsewhere, in which
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the change of resonant frequency of the cavity is measured when a small
metal sphere is introduced at a point along the axis. This method allows a
measurement of the field strength along the axis, which is concerned in a,
and the resulting experimental value of a is 0.473, in excellent agreement
with the theoretical value. For the power P per unit length, there is one
magnetron for each three wavelengths or for each 3 x 10.70-cm distance. The
magnetrons were operated at such a current level that each should have de-
livered about 500 kw into a matched load. However, because of the water
load, their load is really about twice the characteristic impedance of the
guide, and under these circumstances the Rieke diagram indicates that they
should have been delivering about 350 kw. Of this amount, if Q = Qext'
one-half (or 175 kw) should be delivered to the load. The unloaded Q, Q0,
was found in our initial measurements to be about 17,000. Substitution in
our formula would then give E as 0.87 Mev per one-foot length (that is, per
3 x 10.7 cm). This compares with about 0.50 Mev per one-foot length actually
realized; as mentioned above, we believe the discrepancy results from the Q
being smaller and the Qext being greater than they should be. We hope not
only to improve these features, but to redesign our input sections, from the
magnetrons to the cavities, so that the magnetrons will see more nearly a
matched load, and deliver more power, as well as send a larger fraction of
their power into the cavity. Furthermore, with redesign of these sections,
Ve should be able to operate the magnetrons at higher currents. At present,
with our somewhat unsatisfactory load, they do not operate as smoothly into
the cavity as into a matched load, and hence cannot be operated at such high
levels without sparking. By these various improvements we hope to increase
the voltage of the electrons.
Since as yet we have no shielding surrounding the main part of the
accelerator (only the target end is lead-shielded), we have so far operated
with low currents. We have done so, partly to curtail radiation in the
room, partly because we have not yet spent much time investigating cathodes
to deliver higher currents in the Van de Graaff generator. We hope to in-
crease these currents to something of the order of the 150 milliamperes
peak already attained in the T.R.E. linear accelerator. We are commencing
cathode studies aiming at such a figure.
Radiation studies show that we must shield the accelerator before using
currents of this magnitude. We have designed a concrete shield 18 inches
thick to surround the whole accelerator, and this will be constructed shortly.
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Fig. V-1. View of linear accelerator showing two million-volt Van de Graaff generator
machine used as electron injector.
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Fig. V-2. View from output end of linear accelerator.
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